In this work, we report the evaluation of two DNA vaccines against dengue-3 virus (DENV-3). The first construction, called pVAC3DEN3, was engineered inserting the pre-membrane (prM) and envelope (E) gene of DENV-3 truncated with a restriction site between them, as previously described. The second construction was developed cloning the full gene sequence of prM and E from DENV-3 virus in pCI plasmid for mammalian expression and was denominated pVAC1WDEN3. The results showed that both constructions were capable of expressing the prM and E proteins, as demonstrated by ELISA and immunoblotting detection in cell culture transfected with the plasmids. After positive "in vitro" results, the vaccine candidates were used to immunize BALB/c mice and the elicited response was investigated. After immunization by intramuscular inoculation with three doses of each vaccinal clone the animals were sacrificed, the cytokine levels and T cell response were analyzed in the spleens, after three days of culture with stimulus, our analysis showed that the two constructions elicited T cell responses measured by BrdU incorporation assay and high levels of IFN-γ, detected in the supernatant of the cultures. Moreover, both constructions induced detectable titers of neutralizing antibodies in mice. And finally the survival rate of the immunized animals after intracerebral challenge was analyzed, showing a better result in the pVAC3DEN3 group with an 80% survival compared with a 50% survival of the pVAC1 WDEN3.
INTRODUCTION
Immunoprophylaxis is well recognized as the most successful and widely used type of medical intervention. Some preventive vaccines, used until today, have virtually eliminated some of the worst human diseases such as polio and smallpox. However the need for vaccines against other diseases, such as dengue is urgent [1] . Dengue fever is a mosquito-borne viral disease caused by infection with the dengue virus, the disease generally has a febrile and self-limited course [2] . Infection with any of the four viruses promotes life-long immunity to the same serotype, but not to other serotypes. Thus, people living in an endemic area can acquire four different infections in their lifetime, each caused by one serotype [3, 4] . Currently, the estimated global number of people at risk of dengue infections is approximately 2.5 billion, with almost a half million of these cases progressing to a potentially fatal syndrome known as dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) resulting in more than 20,000 deaths per year [5, 6] .
The expansion of dengue in the tropical areas, accompanied by a large increase of cases of DHF lead this disease to assume a public health importance, unfortunately the only available way to combat the disease is based on vector control and this measure has proven difficult and costly to sustain over time. Currently there are vaccines against only few human flaviviruses, the yellow fever virus, tick borne encephalitis virus and the Japanese encephalitis virus, thus the development of a vaccine against dengue is urgent and given the difficulty to achieve this, it represents a great challenge [7] [8] [9] .
Given that traditional methodologies, such as viral attenuation or even viral inactivation, to develop a dengue effective vaccine were not successful, several new approaches have been planned, these include the use of molecular biology techniques mainly including improvement of DNA vaccines [10, 11] . DNA vaccines offer the advantage of being secure, having a low cost production and long-term duration of immune responses [12] . Many research groups have reported the induction of immune responses in animal models, elicited by DNA vaccines, against a number of viruses including some flaviviruses [13] [14] [15] [16] . However, it is believed that the effectiveness of DNA vaccines can be distinct from each other, even if the same antigen is targeted, since the different DNA construction strategy adopted may affect antigen presentation to the host immune system and consequently influence the elicited immune response [17, 18] .
The four dengue viruses are enveloped and present a spherical form with approximately a 50nm diameter; the envelope is acquired trough budding from the endoplasmic reticulum. These virions contain three structural proteins: capsid (C), membrane (M) and envelope (E) and a simple positive RNA strand genome. The membrane precursor, prM, is believed to help in the folding of the E glycoprotein and both are integrated in the lipid bilayer of the mature virion by two transmembrane regions that surround a nucleocapsid. The surface of the mature DENV is smooth with the envelope proteins aligned in pairs parallel to the virion surface. The E glycoprotein mediates cell attachment and fusion and is also the major target of protective antibodies [19, 20] . In fact, the main experimental vaccines against dengue are directed to elicit immune responses against the glycoprotein E, which contains the most epitopes responsible for neutralization events [21, 22] .
Recently we demonstrated that the administration of a DNA vaccine, designated to express the truncated prM and E gene of the dengue-3 virus, was capable of inducing an immune response with the production of neutralizing antibodies and protection against intracerebral challenge in mice [23] . However, this vaccinal plasmid show-ed a mutation in the prM region. To evaluate if this mutation could compromise the immunogenicity of our con-struct, or even if the restriction site between the genes could impair the antigen presentation in vivo, in this work we constructed a new plasmid encoding the prM and E sequence of DENV-3 without restriction site between the viral glycoproteins and without mutations for test. Both constructs, the truncated and the full length sequence, were designated to express the viral glycoproteins prM and E employing the pCI plasmid for mammalian expression. Here, we compared these two constructions on their ability to induce protection in mice. Our results demonstrated that these constructions were capable of drive the expression of the viral glycoproteins in mammalian cells. In addition, these engineered vaccinal clones elicited specific antibodies in mice conferring protection against DENV-3 challenge in these animals, but surprisingly the new clone, without any mutation in all sequence, was less effective in protect mice from virus challenge and eliciting a weak immune response.
METHODS

Cell Line, Virus, Plasmids and Animals
C6/36, Vero and HeLa cells were purchased from the Cell Culture Section of Adolfo Lutz Institute, São Paulo, Brazil. DENV-3, H-87 strain, was kindly donated by Dr. Robert E. Shope, University of Texas at Galveston, TX. The expression plasmid (pCI) was purchased from Promega Corporation, Madison, WI. BALB/c mice, aged 2-3 week, were bred and maintained under standard conditions in the animal house of the Medical School of Ribeirão Preto, University of São Paulo, Ribeirão Preto, SP, Brazil. All animal experiments were performed in accordance with protocols approved by the School of Medicine of Ribeirão Preto Institutional Animal Care and Use Committee.
Construction of Plasmids Expressing
PrM/E Proteins Dengue virus RNA was purified from 0.5 ml of a supernatant of the C6/36 cell culture infected with DENV-3 using a Trizol Reagent (Invitrogen, Gaithersburg, MD) according to manufacturer´s recommendations. The RNA was reverse transcribed in a standard reaction using a random hexamer primer and Superscript Mix (Invitrogen, Gaithersburg, MD). The resultant cDNA was used to amplify different segments of the virus genome, using primer pairs shown in Table 1 . In order to express the DENV-3 prM/E proteins, two strategies were used. In a previous work, due to the difficulty in amplifying the whole fragment of 2044 pb, we opted to clone the viral gene by amplifying separately two fragments, the first of 1393 and a second of 651 pb, these fragments were ligated to each other by a cloning site with AccI restriction enzyme to give rise a fragment of 2044 pb containing the prM and E viral glycoproteins, this vaccinal clone was denominated PVAC3DEN3 [23] . In thiswork, a whole fragment of 2044 bp was ampl fied without any restriction i site between the viral glycoprotein prM and E. After cloning in the vector TOPO TA, the fragments were cloned in the pCI expression vector (Promega, Madison, WI) and the resultants plasmids were subjected to standard nucleotide sequencing.
Nucleotide Sequencing of Plasmids Expressing PrM/E Proteins
Sequencing primers were designed using the DENV- The selected clones were grown at 37℃ in an LB media with ampicilin and the plasmids were extracted using the GeneJET Plasmid Miniprep Kit (Fermentas Life Sciences, US). The plasmids were quantified by UV absorption (260 nm) and approximately 500 ng of each plasmid were employed in a reaction with the ABI Prism Big Dye Terminator Cycle Sequencing Ready kit (Applied Biosystems). For each sample to be sequenced we worked with 5 µM of each primer with 2 l of Big Dye, 2 l of Buffer (200 mM Tris-HCl pH 9.0 and 5mM Magnesium Chloride) and nuclease free water in a final volume of 10 l. The obtained sequences were aligned using CLUSTAL W, with a final manual adjustment completed with BioEdit software and then compared with the sequences available at the Genbank.
PrM and E Protein Expression by the Recombinant Plasmids
PrM and E expression by the recombinant plasmids was analyzed by transfecting HeLa cells using a cationic lipid based delivery. Briefly, 30 g of plasmid DNA were mixed with Lipofectamine 2000 (Invitrogen, Gaithersburg, MD) at a lipid mass ratio of 2:1 in 1 ml of Minimum Essential Medium free of fetal bovine serum (FBS) and incubated for 45 min at room temperature. The mixture was added to cells grew to about 90% of confluence in 35 mm cell cultures dishes (Costar, Cambridge, MA) and incubated for 72 h at 37℃ in a 5% CO 2 incubator. After incubation, the cultures were processed for the detection of the prM and E protein expression by indirect immunofluorescence (Tesh, 1979), immunoprecipitation and a sandwich-ELISA of the culture supernants.
Immunoprecipitation and Immuno-Blotting
All extracts and supernatants of the transfected cells were submitted to an immunoprecipitation using a mouse immune ascitic fluid specific to DENV-3 (MIAF-DENV-3) produced in our laboratory and Sepharose Protein A (Amersham Biosciences, NJ, USA). Briefly, 1 ml of the cellular extract and 2 ml of the supernatant culture was added to 0.1 vol of MIAF-DENV-3 and incubated at 4℃ for 8 hours in constant agitation. After incubation, 0.1 vol Sepharose Protein A was added to precipitate the antigen-antibody complex, and incubated at 4℃ for 16 hours. After incubation, the complexes were recovered by centrifugation at 12.000 g for 30 seconds at 4℃, washed 3 times with PBS, suspended in load buffer and submitted to SDS-PAGE. After SDS-PAGE, the proteins were transferred to a nitrocellulose membrane; the nitrocellulose membrane was blocked for 4 hours with 0.5% BSA, washed 3 times with PBS Tween-20, incubated for 2 hours at room temperature with MIAF-DENV-3 (1:100), washed again, and incubated for 2 additional hours with an anti-mouse-IgG alkaline phosphatase conjugate (Sigma, Saint Louis, Missouri). The membrane was then washed 3 times with PBS Tween-20, and stained with the Western Blue Substrate for Alkaline phosphatase kit (Promega, Madison, WI).
Densitometry Analysis of Expressed Proteins
The densitometry analysis in detected expressed proteins was performed using the Image Processing in Analyses in JAVA-ImageJ 1.41 software (National Institute of Health-NIH, 2009).
Sandwich-ELISA
The prM and E protein expression was detected using a sandwich ELISA. Briefly, 96-well plates were coated with a high titer human antibody against dengue (1:200) and then blocked with 2% BSA. The plates were then incubated with supernatants of transfected cells that contained the expressed proteins, MIAF-DENV-3, alkaline phosphatase-conjugated anti-mouse IgG, and p-nitrophenyl phosphatase. The cut off O.D. value for determining serum positivity was calculated as the mean O.D. of the negative control sera plus 2 standard deviation (S.D.).
Immunization of Mice with DENV-3 and Candidate Vaccines
Groups of ten 3-week-old female Balb/c mice were injected by syringe and needle three times into the quadriceps muscle with 100 g of pVAC1WDEN3, pVAC3 DEN3 and pCI. The mice were primed on day 0 and boosted on days 10 and 30 with 100 g of DNA in a 25%-PBS sucrose solution. In parallel, another group with 10 mice were immunized three times into the quadriceps muscle with 1 × 10 5 plaque-forming units per ml (PFU/ml) of DENV-3. Prior to boosting, blood samples were obtained through the retroorbital route. Blood samples were also obtained 10 days after the last inoculation. Sera from these mice were stored at -70℃ until use.
ELISA and Plaque Reduction Neutralization Test (PRNT)
DENV-3 antibody was detected by a solid-phase enzyme-linked immunosorbent assay (ELISA) using 96-well ELISA plates coated with 100 l of DENV-1 and DENV-2 antigens (8 hemaglutination units) and incubated ON at 4℃. ELISA plates were then blocked, washed and incubated with murine serum samples at 1:10 dilution in PBS for 60 min. They were then washed three times with PBS containing 0.5% Tween-20, and reincubated for another 60 min with horseradish peroxidaseconjugated goat anti-mouse IgG. Plates were washed three times and incubated with 0.1 M sodium citrate buffer (pH 5.0) containing 2.2 mM O-phenylene-diamine and 0.045% H 2 O 2 , and read at 490 nm. The cutoff O.D. value for determining serum positivity was calculated as the mean O.D. of the negative control sera plus 2 S.D.
The mice serum was also assayed for DENV-3 neutralizing antibody in a plaque reduction neutralization test (PRNT) as previously described by Russell and Nisalak [24] . The percentage of plaque reduction was calculated for each dilution of tested sera using the number of plaques obtained with normal mouse serum as the baseline and the end-point of this assay was 1:4.096. The highest dilution of sera yielding a 50% or greater decrease in the number of plaques was considered to be the neutralization antibody titer. The statistical analysis (Tukey test with 5% significance) was performed with GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA).
Quantification of Th1 Immune
Response Lymphoid cells from spleen of immunized and control mice (n = 5) were washed twice in RPMI 1640 containing 10% heat-inactivated FBS. Cells were resuspended at a final concentration of 1 × 10 6 cells per ml in RPMI 1640 and 100 l aliquots were plated into 96-well culture plates. Then, 1 × 10 5 PFU/ml of heat inactivated DENV-3 was added to each well to a final volume of 200 l; plates were covered and incubated at 37℃ in a 5% CO 2 atmosphere. Following stimulation, aliquots of supernatants were removed after 48h and stored at -70℃ for subsequent analysis. Sandwich-type ELISA (DuoSet, R&D Systems, MN) were used to estimate the IFN-, IL-2, IL-4 and IL-10 levels in the supernatants of virus-stimulated cells, according to manufacturer's instructions. Briefly, serial dilutions of cytokine standards, samples and controls were added into 96-well microplates coated with specific monoclonal antibody and incubated for 2 h at room temperature. Plates were then washed five times with PBS/T (PBS/0.5% Tween) and 100 l of horseradish-peroxidase-linked polyclonal antibody specific for mouse cytokines were added. After 2h of incubation at room temperature, the plates were washed five times and 100 l of a substrate solution were added per well. After 30 min incubation at room temperature, the plates were read at 450 nm. Levels of cytokines in the supernatants were calculated based on the comparison of their OD with the standard calibration curve. The statistical analysis (Tukey test with 5% significance) was performed with GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA).
T Cell Proliferation Assay
The DENV-3 specific lymphoproliferative responses from DNA-immunized mice were determined by Cell Proliferation ELISA (BrdU Lymphoproliferation kit Ro-che, Mannheim, Germany). Spleens were prepared from recombinant pVAC1WDEN3 pVAC3DEN3, DENV-3, and pCI-inoculated from 5 mice per group. Cell suspensions were treated with Tris-buffered ammonium chloride to eliminate the red blood cells, washed, and resuspended in RPMI 1640 supplemented with 5% FBS, HEPES buffer, L-glutamine, penicillin and streptomycin. Cells were cultured in triplicate in 96-well microtiter plates (1 × 10 6 cells/200 l per well) in the presence of heat inactivated DENV-3 (1 × 10 4 PFU/ml or 1 × 10 6 PFU/ml), control RPMI medium, and ConA (0.1 g/ml). After 72 h, cultures were pulsed with 10 M BrdU and incubated for 24 h at 37℃. The labeling medium was then removed by suction and the plate was dried at 60℃ for 1 h. The cells were fixed with FixDenat solution, incubated with anti-BrdU POD antibody, and the antigen-antibody reaction was detected by the subsequent substrate reaction read at 450 nm. The statistical analysis, Two-way Anova followed by Bonferroni post test, was performed with GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA).
Challenge Experiments in Mice
Groups of 10 3-week-old female Balb/c mice, were immunized with 100 g of recombinant pVAC1WDEN3, pVAC3DEN3 and pCI DNA in sucrose 25%-PBS. Recombinant clones were intramuscularly injected into the quadriceps of the mice and boosted with 100 g DNA 10 and 20 days later. A group with 10 mice was also immunized with 1 × 10 4 PFU/ml of DENV-3 intraperitonially and boosted on the same scheduled dates. Twenty-one days after the third inoculation, mice were challenged intracerebrally with 50 LD 50 (1 × 10 5 PFU/ml) of DENV-3, prepared from DENV-3-infected suckling mice brains, and mouse survival was monitored daily for 21 days. The statistical analysis (Long-Rank test, Mantel-Cox) was performed with GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, CA).
RESULTS
Nucleotide Sequencing of Plasmids Expressing PrM/E Proteins
When the pVAC3DEN3 clone amino acid sequence was compared with the published reference sequence, we found a single mutation in the region of the prM gene, replacing F to C in position 39 of the amino acid sequence. With the objective of improving our DNA vaccine, we chose a clone that didn't demonstrate any mutation in the prM/E genes. This clone originated from the whole fragment amplification and was called pVAC1 WDEN3.
Expression of PrM and E DENV-3 Recombinant Proteins
Two recombinant plasmids, pVAC1WDEN3 e pVAC3 DEN3, were selected to be evaluated. They all contained an ATG codon and a translation initiation site provided by the forward primers used in the PCR amplification. They were all designed to express prM and E proteins. Cells transfected with all two DNA constructs showed positive IFA with MIAF-DENV-3, while cells transfected with pCI were negative (data not shown). As showed on Figure 1 , a band with a molecular weight of 53-54 kDa, which correlated with the expected E protein molecular weight, was detected in cell lysates by immunoprecipitation followed by immunoblotting. Densitometry analysis of the immunoblotting showed no significance difference between pVAC3DEN3 and pVAC1 WDEN3 in the prM/E protein expression on intracellular fractions (data not shown). Examination of supernatants by sandwich-ELISA from transfected cells revealed that the expressed proteins from all 2 clones were also secreted into the supernatant (Figure 1). 
Antibody Response in Immunized Mice
Ten mice per group were inoculated with 100 g of each of the three DNA constructs, DENV-3 and pCI, as described in the methods. In all groups neutralizing antibody titers were detected, induced by candidate DNA vaccines in comparison to the antibody titers observed in the DENV-3 inoculated mice and no statistical difference was detected among the groups (Figure 2) .
Cytokine Response in Immunized Mice
ELISA results showed that IFN- and IL-2 were synthesized by the lymphocyte cells of mice immunized with pVAC3DEN3 and IFN-, IL-2 and IL-10 were synthesized by the lymphocyte cells of immunized mice with pVAC1WDEN3 as shown in Table 2 . Spleen cells of DENV-3 immunized mice produced all four cytokines tested, demonstrating the ability of a natural infection in 
Figure 2. Plaque reduction neutralization test.
Openly accessible at inducing a potent immune response. The high levels of IFN-γ in the vaccinated groups indicate a Th1 pattern response.
DENV-3-Specific T Cell Proliferation in DNA Vaccinated Mice
We evaluated if the plasmid DNA immunization could induce DENV-3-specific lymphoproliferative response in Balb/c mice splenocytes, cultivated and assayed with BrDu in response to specific antigen stimulation. Splenic lymphocytes derived from pVAC1WDEN3 and pVAC3 DEN3-inoculated animals demonstrated a dose-dependent proliferative response to inactivated DENV-3, as shown in Figure 3 . Proliferation responses were always higher than the negative control, and the response of both vaccine candidates to a higher dose of antigen was comparable to that observed in DENV-3 immunized mice.
In addition the response of pVAC3DEN3 immunized group was higher than pVAC1WDEN3 (p < 0.05) in the cells stimulated with 10 6 PFU of dengue virus, suggesting a better immunogenicity of this construct.
Challenge of Immunized Mice
PVAC1WDEN3 and pVAC3DEN3 vaccine candidates were evaluated in accordance to their ability to induce protective immunity against lethal challenge with DENV-3. Groups of 10, three week-old Balb/c mice, were immunized with the DNA vaccines, and positive and negative control mice were immunized with 1 × 10 4 PFU/ml of DENV-3 and with 100 g of pCI, respectively. As shown in Figure 4 , immunization with the pVAC3DEN3 induced a solid protection against the DENV-3 challenge comparable to that observed in DENV-3 inoculated mice, where 80% of the challenged mice survived. However, only 50% survival was observed after immunization with pVAC1WDEN3 (p = 0.304 compared to pCI). The negative control group, immunized with pCI, presented approximately 20% survival, as expected for negative control group. Only the pVAC3DEN3 immunized group showed statistical signifance in challenge protection when compared with pCI.
DISCUSSION
In general, the DNA vaccines presents many advantages over other immunization conventional strategies, these include: easiness of production, stability and transport at room temperature, decreased likelihood of replication interference and the possibility to vaccinate against multiple pathogens in a single vaccination [1] . In an effort to develop a DNA vaccine for dengue virus, based on the envelope viral glycoproteins prM and E, we expanded our previous work with the pCI plasmid. In a previous work we constructed a DNA vaccine candidate inserting the prM and subsequently the E gene of dengue virus type 3, separated by a restriction site, so the protein was expressed with the restriction site between the junction of prM and E. We showed that this construction named pVAC3DEN3 was capable of inducing protection in 80% of the immunized animals, after challenge [23] . In the present report, we compared the response elicited by two distinct construction methodologies. Now a second
Openly accessible at plasmid denominated pVAC1WDEN3 was engineered, containing again the prM/E genes, however the full sequence of the genes were inserted in the plasmid without any cloning site between them and their immunogenicity was evaluated and compared.
Expression of the recombinant protein in DNA transfected mammalian cells was analyzed after three days of transfection. As revealed by immunobloting and ELISA, the two constructions were able to express the protein, either secreted on the supernatant culture or cell associated. Apparently the constructions were functional when analyzed in vitro, directioning the protein expression that can be recognized by specific antibodies. The fact that there were no difference in expression between the constructs, when analized by densitometry of the bands in immunobloting, suggests that the mutation in the prM region of the pVAC3DEN3 clone did not impaired the protein expression.
Our data of protein expression by transfected cells is in agreement with previous works that demonstrate the prM gene is necessary for the correct expression of the E protein genes [9, [25] [26] [27] . The prM protein consists of approximately 165 amino acids and is accepted that it might function as a chaperone for folding and assembly of the E protein [28] . In a work published by Jimenez and Fonseca [29] , in the groups of mice inoculated intramuscularly with a recombinant plasmid expressing only the E protein of dengue virus 2, containing 94% of the E gene, no response with anti-dengue antibodies, cellular proliferation, or synthesis of cytokines by their lymphoid cells were observed. However, protection was observed in 20% of the challenged mice immunized with this recombinant plasmid and the mice survived longer than the control group. The authors speculate that the low percentage of protection might be explained by a weak activation of the immune system resulting from an imperfect secretion of E protein due to the lack of the prM protein. Our concern about the mutation in the prM region of pVAC3DEN3, was if this mutation could impair the expression level of the E protein, resulting in week immune stimulation, to address if this could be possible we constructed a new plasmid encoding these viral genes and selected a construct without mutations.
In our results, the levels of T cell proliferation after stimulus and even cytokines secretion were similar between the two constructions, either pVAC3DEN3 or pVAC1WDEN3. Although, the construction pVAC3 DE-N3 showed a mutation in the prM region, position 39 replacing F to C in the amino acid sequence, this construct showed a better lymphoproliferative response in response to dengue stimulus when compared to pVAC1 WDEN3. Briefly, we showed the efficacy of both our plasmid constructions in express the viral glycoproteins, assessed in vitro.
There is a consensus that the induction of neutralizing antibodies directed against the virus envelope (E) protein is the most important mediator of protection against dengue infection, thus the induction of protective levels of neutralizing antibodies is the key of successful immunization [1] . Here, we tested the protection efficacy of the candidate vaccines by detecting the levels of neutralizing antibodies, the animals vaccinated with pVAC3 DEN3 and pVAC1WDEN3 showed an end point neutralizing titer of 256. The titers of the vaccinated animals were near to the titers observed in the animals that were inoculated with the DENV-3, these neutralizing antibodies indicated the induction of humoral immune responses in the experimental immunization. In a study with recombinant MVA (modified vaccinia, Ankara) expressing only a dengue-2 truncated E protein, PRNT 50 titers of 70 and higher as being protective was reported [30] . How-ever, other authors reported that low antibody titers between 20 and 80 were also found protective against dengue challenge [31] . Wherefore, we believe that our neutralizing antibodies titer, in mice, is sufficient to induce a good protection against infection.
We analyzed T cell responses by the BrdU incorporation assay using heat inactivated dengue-3 virus as stimulus. In this work, we showed that all the recombinant plasmids were immunogenic and elicit T cell proliferation after 3 days of stimulation in vitro. Although most of the studies in dengue vaccine development are focused in analyzing only the generation of neutralizing antibodies, some authors are interested in study T cell responses. Khanam et al. 2006 [32] showed that splenocytes, obtained from immunized mice in response to antigen stimulation in vitro, manifested a significant proliferative response accompanied by the production of high levels of IFN-, after immunization with a vaccine candidate to dengue virus type 2 envelope domain III encoded by plasmid and adenoviral vectors in a prime/ boost strategy. Probably the major focus in antibodies reflects the scantiness in data about T cells responses in dengue infections. In our vaccinal strategy, the response to stimulus in both vaccine candidates (pVAC1WDEN3 and pVAC3DEN3) cultivated spleen cells, produced a high quantity of IFN- in comparison of IL-4 production. IL-4 is a B-cell stimulatory cytokine and contributes markedly to the generation of a dengue virus-neutralizing antibody response [32] . However the critical question that we addressed and showed is that our neutralizing antibody titers were protective in both vaccines, even without IL-4 detection. These results are in agreement with another study where the levels of IFN- were higher than IL-4, obtained from splenocytes in proliferative response after immunization with a plasmid enconding the domain III of the dengue 2 E protein [32] .
Dengue virus is not usually pathogenic to mice. Although some studies have demonstrated that commonly used laboratory mouse strains are permissive to dengue virus infection and even replication, no overt signs of disease are observed in these animals and wild type viruses replicate to such low titers in mouse tissues that they are scarcely detectable [33] . Therefore, the lack of an appropriated animal model to test vaccine candidates is one of the major obstacles in the field of dengue research and vaccine development. The mouse model predominately used to test the efficacy of DENV vaccines is based in intracerebral infection of mice with mousebrain-adapted DENV [34] [35] [36] [37] . Employing the model of intracerebral challenge our animals vaccinated with pVAC3DEN3 obtained a high survival rate after challenge (80%). The control group inoculated with the DE-NV-3 also showed an 80% protection, while the group inoculated with the pCI plasmid obtained a 20% protection, the group that received immunization with pVAC1WDEN3 showed a survival of 50%. This difference between the vaccinated groups was not surprising, once that the model of intracerebral challenge does not represent a natural infection some variation can be expected. It's largely discussed by several authors the lack of a good animal model to test dengue vaccines and some groups have focused it is efforts to achieve a better laboratory model [38] . Here we believe that our vaccine evaluation could be impaired by the mouse model employed explaining the low level of protection in the pVAC1WDEN3 immunized group.
In an attempt to improve our vaccine, we constructed another plasmid expressing the same genes, evaluating and comparing the immunogenicity of both constructions. In Brazil, the dengue virus represents a health public problem of great importance since that each summer dengue outbreak occurs in several urban centers. Thus, considering that the immune response induced by pVAC3DEN3, in comparison with pVAC1WDEN3 vaccine candidate, and considering the work being carried out with the other dengue viruses by our group, this vaccine candidate will certainly be analyzed in a tetravalent DNA vaccine format to determine the vaccine efficacy.
